Reduced mortality, paraplegia, and stroke with stent graft repair of blunt aortic transections: A modern meta-analysis  by Tang, Gale L. et al.
From the Society for Vascular Surgery
Reduced mortality, paraplegia, and stroke with
stent graft repair of blunt aortic transections:
A modern meta-analysis
Gale L. Tang, MD,a Hassan Y. Tehrani, MD, ChB,b Asad Usman, BS,a Kushagra Katariya, MD,b
Chris Otero, MD,c Eduardo Perez, MD,c and Mark K. Eskandari, MD,a Chicago, Ill; Gurgaon, Haryana,
India; and Miami, Fla
Objective: Stent grafting has become the first-line approach to traumatic thoracic aortic transections (TTAT) in some
trauma centers due to a perceived decrease in morbidity and mortality compared with standard open repair. We reviewed
contemporary outcomes of patients undergoing endovascular repair of TTAT (endoTTAT) and those undergoing open
repair (openTTAT) to determine if current reported results support first-line use of endoTTAT.
Method: Retrospective, nonrandomized studies published in English (>5 cases/report) involving TTAT listed in PubMed
between 2001 and 2006 were systematically reviewed. Periprocedural outcomes between endoTTAT and openTTAT
were analyzed. Mean follow-up was 22.9 months for endoTTAT (reported for 22 of 28 studies) and 48.6 months for
openTTAT (reported for 5 of 12 studies). For statistical analysis, t tests were used.
Results: We analyzed 33 articles reporting 699 procedures in which 370 patients treated with endoTTAT and 329 patients
managed with openTTAT. No statistical differences were found between patient groups in mean age (41.3 vs 38.8 years,
P < .10), injury severity score (39.8 vs 36.0, P < .10), or technical success rates of the procedure (96.5% vs 98.5%, P 
.58). In contrast, mortality was significantly lower in the endoTTAT group (7.6% vs 15.2%, P  .0076) as were rates of
paraplegia (0% vs 5.6%, P < .0001) and stroke (0.85% vs 5.3%, P  .0028). The most common procedure-related
complications for each technique were iliac artery injury during endoTTAT and recurrent laryngeal nerve injury after
openTTAT.
Conclusions: To our knowledge, no large multicenter prospective randomized trial comparing endoTTAT and openTTAT
has been published in the literature. This meta-analysis of pooled data serves as a surrogate, demonstrating a significant
reduction in mortality, paraplegia, and stroke rates in patients who undergo endoTTAT; however, the long-term
durability of endoTTAT remains in question. ( J Vasc Surg 2008;47:671-5.)Traumatic thoracic aortic transaction (TTAT) is the
second most common cause of trauma-related deaths, lead-
ing to 8000 deaths per year.1 As many as 85% of victims die
before reaching the hospital.2 Those patients reaching the
hospital frequently have significant associated injuries.
Open surgical repair (openTTAT), with or without
adjuncts to maintain distal perfusion, requires left-sided
thoracotomy and, frequently, systemic heparinization.
Mortality rates remain relatively high (up to 30%), espe-
cially when repair cannot be delayed.3 Delaying the proce-
dure to allow the patient to recover from associated inju-
ries, combined with a strict antihypertensive regimen, is
associated with a 0% to 6.7% rate of aortic rupture.4-6
Adjuncts such as a Gott shunt, left heart bypass, or partial
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plegia rates, but these remain in the range of 0% to 7%.3
Multiple case reports and small case series have been
published recently reporting the results of endovascular
repair of TTAT (endoTTAT) using stent grafts. Endovas-
cular repair is attractive in the setting of a polytraumatized
patient in that the procedure is minimally invasive and the
patients do not require systemic heparinization or single-
lung ventilation. Published case series suggest that rates of
paraplegia (none thus far reported) and mortality are less
after endoTTAT than openTTAT.
The small number of yearly cases in each center and the
difficulty of controlling cases based on varying levels of
associated injuries may prevent a randomized, prospective
trial comparing openTTAT with endoTTAT from ever
being completed. Several trauma centers have shifted their
practice to endoTTAT despite the lack of level 1 evi-
dence.7-10 This meta-analysis of contemporary studies de-
tails the primary outcomes of mortality, paraplegia, and
stroke rates in recently published case series of openTTAT
and endoTTAT to serve as a surrogate for a prospective
randomized trial.
METHODS
Retrospective, non-randomized studies published in En-
glish ( 5 cases/report) involving TTAT listed in PubMed
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terms included blunt aortic injury, traumatic aortic transec-
tion, thoracic aortic trauma, endovascular repair thoracic
aorta, and traumatic aortic rupture. Reference lists from re-
views relevant to the topic and all retrieved studies were also
reviewed. All studies retrieved were nonrandomized retro-
spective case series. Studies with less than five patients or
where the results were not segregated with respect to trau-
matic and nontraumatic aortic pathology were excluded.
Studies were also excluded if a larger case series was subse-
quently reported from the same institution or by the senior
author.11-15 Included studies for endoTTAT are listed in
Table I. Included studies for openTTAT are listed in Table II.
Primary outcomes analyzed were mortality, paraplegia
rate, and stroke rate. Procedure-specific complication rates
and technical success rates were also examined. Demo-
graphic data such as patient age and injury severity score
(ISS) were compared when available. The mean age for one
article33 was derived by bootstrapping. If the ISS was not
reported but a description of the patients’ injuries was
supplied, we estimated the ISS. Means were weighted for
the number of cases per series. Mean follow-up was 22.9
months for endoTTAT (reported for 22 of 28 studies) and
48.6 months for openTTAT (reported for 5 of 12 studies).
For statistical analysis, 2-tailed t tests were used. A value of
P  .05 was considered statistically significant. Pearson’s
heterogeneity analysis was used to determine if the two
groups were statistically comparable.
RESULTS
The 33 articles reviewed reported 699 cases of TTAT
repairs, consisting of 370 endoTTAT and 329 openTTAT.
The two groups did not differ significantly in age (41.3 vs
38.8 years, P  .10) or mean ISS (39.8 vs 36.0, P  .10).
Technical success rates were also similar (96.5% vs 98.5%,
P  .58; Tables I and II). Pearson’s heterogeneity analysis
was performed to demonstrate that statistical comparisons
between the two groups were valid (r39 3.65, P .072).
Mortality, paraplegia, and stroke rates were all signifi-
cantly different between endoTTAT and openTTAT. The
overall mortality rate was 7.6% for endoTTAT and 15.2% for
openTTAT (P  .0076). No paraplegia was reported after
endoTTAT, although there were two cases of transient para-
paresis, whereas the paraplegia rate for openTTAT was 5.6%
(P  .0001). Two cases of transient paraparesis were also
reported in the openTTAT group. Stroke rates were also less
after endoTTAT than for openTTAT (0.8% vs 5.3%, P 
.0028).
Other than endoleak (4.2%), access complications were
the most commonly reported procedure-specific complica-
tions reported for endoTTAT (2.8%). Iliac rupture (5
cases) was slightly more common than brachial artery pseu-
doaneurysm (2 cases) or thrombosis (2 cases). The overall
procedure-specific complication rate for endoTTAT was
13.1%. The most commonly reported procedure-specific
complication for openTTAT was laryngeal nerve palsy
(14.4%). The overall procedure-specific complication rate
for openTTAT was 17.0%.DISCUSSION
This meta-analysis comparing recent reports of repair
of TTAT showed that mortality, paraplegia, and stroke
rates were significantly less after endoTTAT than after
openTTAT. Procedure-specific complications were also
less common after endoTTAT than openTTAT (13% vs
17.0%). Although length of intensive care unit stay, fre-
quency of acute respiratory distress syndrome and other
pulmonary complications, bleeding complications, and op-
erative time were not specifically commented on in most
articles, they also likely favor endoTTAT because open
thoracotomy, therapeutic heparinization, and single-lung
ventilation are not required.
EndoTTAT does require technical expertise in thoracic
aortic stent grafting, large-bore vascular access (18-24F),
andmay involve coverage of the left subclavian artery orifice
given that the most common location of the aortic trauma
is at the isthmus just distal to the left subclavian artery.
Several centers favor prophylactic transposition or bypass to
the left subclavian artery in selected patients with a domi-
nant left vertebral artery to decrease neurologic complica-
tions.43 Others have favored delayed transposition only in
symptomatic patients.21 Patients with an intact left internal
mammary artery after coronary artery bypass require a
carotid-to-subclavian bypass to preserve coronary flow if
the orifice of the left subclavian is likely to be covered.
The level of heparinization during endoTTAT varied
among the case series, with several authors reporting
successful stent graft repair without use of any systemic
heparin.25,29,31,38,44 In addition, a completely percutane-
ous approach has been described that may be appealing in
cases of pelvic trauma.44,45 Finally, an inventory of appro-
priately sized devices must be available for emergency use.
Thoracic aortic stent grafting in the trauma patient pop-
ulation has several technical limitations. Trauma patients tend
to be younger and have smaller-diameter aortas (16 to 20
mm) than older patients with aneurysmal disease for whom
the currently available thoracic aortic stent grafts have been
designed; the smallest approved device is designed for aortic
diameter of at least 23 mm. Collapse of devices oversized too
generously has been reported.25,38,46,47 The use of smaller-
diameter aortic cuffs or devices meant for repair of infrarenal
aortic aneurysmsmay be limited by short delivery systems that
do not reach the thoracic aorta in taller patients from a femoral
approach, requiring an iliac artery or aortic cutdown.
In addition, aortic cuffs come in short lengths requiring
overlap of multiple cuffs for TTAT repair, which may
predispose the patient to future development of type III
endoleaks. Small-diameter iliac arteries or the development
of intense vasospasm, which is more common in younger
patients, likely led to the 2.8% incidence of access compli-
cations in the endoTTAT group. All endoTTAT repairs are
off-label usages of commercially available devices. Custom-
made stent grafts may also be used but may not be as
durable or as reliably deployed as commercially available
devices.
y Scor
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articles included are retrospective case studies. The patient
groups were uncontrolled for ISS, although the mean ISSs
were comparable between endoTTAT and openTTAT
groups. Long-term follow-up data were not available in
Table I. Articles reporting endovascular repair for trauma
First author (y) No.
Age,
mean y ISS, mean
Technical
success, %
Mo
Agostinelli (2006)16 15 42.3 NR 100
Amabile (2004)17 9 30.9 NR 100 
Andrassy (2006)18 15 39.1 44.5 80 
Bortone (2004)19 14 30.8 NR 100 
Broux (2006)20 13 46 46 100 
Daenen (2003)21 7 46.9 40.7* 100 
Dunham (2004)22 16 33.7 36.9 100 
Fattori (2002)23 19 39.4 NR 100 
Fujikawa (2001)24 6 49.2 35.8 100 
Hoornweg (2006)25 28 40.9 37.1 100
Karmy-Jones
(2003)26
11 33 NR 81.8
Kasirajan (2003)27 5 38 42 100 
Lawlor (2005)28 7 42.3 36.3 100 
Lebl (2006)7 7 59 35.1 100 
Marchiex (2006)29 33 38.2 40.2 90.9
Marty-Ane (2003)30 9 52.3 33.8* 100
Melnitchouk
(2004)31
15 44.9 37.6* 100
Orend (2002)8 11 33.2 46.7* 82 
Orford (2003)32 9 50.9 NR 100 
Ott (2004)9 6 44.5 46 100 
Pacini (2005)33 15 NR NR 100 
Pratesi (2006)34 11 48 NR 100 
Reed (2006)35 13 54.8 40 100 
Scheinert (2004)36 10 38.6 25.4 100
Steingruber
(2006)37
22 39.1 NR 86.3
Tehrani (2006)38 30 43 42 100 
Thompson (2002)39 5 58 51.8 100
Wellons (2004)40 9 25.4 40.3* 100 
Totals 370 41.3 39.8 96.5
ARF, Acute renal failure; CFA, common femoral artery; ISS, Injury Severit
*Mean ISS estimated from description of injuries.most cases for either group, although this is likely the resultof the analysis being limited to reports published within the
last 5 years.
Long-term follow-up data are clearly critical to assess
the durability of endoTTAT in this younger population of
patients with longer life expectancies than patients with
oracic aortic transections
y, Paraplegia,
No.
Stroke,
No. Complications, No.
Follow-up,
mean mon
0 0 0 29
0 0 0 15.1
0 0 6 (1 endoleak, 3 open
conversions, 2 delayed
LSC transpositions)
36
0 0 0 14
0 0 0 31
0 0 0 9
0 1 0 10.7
0 0 1 (endoleak) 20
0 0 0 NR
0 0 2 (graft collapse, CFA
dissection)
26.5
0 0 2 (1 endoleak, 1 open
conversion for
persistent endoleak)
NR
0 0 1 (proximal stenosis) 10.3
0 0 0 18
0 0 1 ascending rupture NR
0 0 9 (3 endoleaks, 1 brachial
artery thrombosis, 2
brachial pseudo-
aneurysms, 1 transient
paraparesis, 1 external
iliac rupture, 1 L main
bronchus atelectasis
requiring stent)
32.4
0 0 1 (endoleak) NR
0 0 2 (1 endoleak-death, 1
transient paraparesis)
34.1
0 0 4 (2 endoleak, 1 iliac
rupture, 1 delayed LSC
transposition)
14
0 1 1 (brachial artery
thrombosis)
21
0 0 0 NR
0 0 0 NR
0 0 0 18.2
0 0 3 (1 endoleak, 1 iliac
rupture, 1 thoracotomy
for access)
12
0 0 1 (ARF) 15
0 0 4 (3 early endoleak-2
open conversion, 1 late
endoleak)
31.7
0 1 2 (1 iliac rupture, 1
partial stent collapse)
11.6
0 0 1 (arrhythmia requiring
pacemaker)
21.2
0 0 3 (1 endoleak, 1 iliac
artery injury, 1 femoral
artery injury)
NR
0 3 44 22.9
e; LSC, left subclavian artery; NR, not reported.tic th
rtalit
No.
2
0 
2 
0 
2 
1 
1 
0 
1 
4
3
1 
0 
1 
0
0
1
1 
1 
0 
0 
1 
3 
0
0
2 
0
1 
28aneurysmal disease. Material failures such as stent fractures
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ensuing decades of follow-up. Because the aorta tends to
dilate with age, smaller-sized devices appropriate at the
time of implantation may lose fixation over time. Fortu-
nately, many of these problems can be addressed in a more
controlled fashion at a later date.
CONCLUSION
The role for endoTTAT has not yet been defined.
Whether it should be used as first-line therapy in all patients
with TTAT on one extreme, reserved for those patients with
concomitant associated brain injury precluding hepariniza-
tion, or abandoned in favor of delayed openTTAT with strict
antihypertensive management with -blockade on the other
extreme has not yet been answered. EndoTTAT may also
have a role in stabilizing the polytrauma patient to allow for a
later more definitive elective openTTAT repair with spinal
cord protective adjunctive strategies when all associated inju-
ries have resolved. This meta-analysis shows that endoTTAT
can be performed with lower mortality, stroke, and paraplegia
rates than openTTAT. Long-term follow-up data are still
required to assess the overall durability of the procedure.
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Table II. Articles reporting open surgical repair for traum
First author (y) N
Age,
mean y ISS, mean
Technical
success, %
Mortality
No.
Amabile (2004)17 11 32.3 34.8* 100 1
Andrassy (2006)18 16 38.7 42.1* 100 3 
Baguley (2005)41 26 42.6 NR 100 3
Broux (2006)20 17 35.0 35 100 4 
Hemmila (2004)4 75 40.5 39.8 100 12
Jahromi (2001)3 21 38.0 20.0 100 2
Jamieson (2002)42 45 40.0 NR 100 6 
Kasirajan (2003)27 10 44 32 90 5 
Lebl (2006)7 10 39.0 34.9 100 2 
Ott (2004)9 12 31.5 47.5 100 2 
Pacini (2005)33 51 NR NR 100 4 
Rousseau
(2005)15
35 37.0 33.0 89 6
Totals 329 38.7 36.0 98.5 50
ISS, Injury severity score; NR, not reported.
*Mean ISS estimated from description of patients’ injuries.Overall responsibility: MEREFERENCES
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